glucose or the usual phosphorylated hexoses were not intermediates in the fermentation of inositol by this organism.
The present work with Propionibaderium pentosaceum provides additional evidence that glucose is not an intermediate in the fermentation of inositol.
METHODS
The end products from the fermentation of both glucose and inositol by Propionibacterium pentosaceum, strain E.2.1.4.,8 were determined. Cells were grown in a medium consisting of the salt solution used by Volk and Pennington (1951) with the addition of 0.5 per cent yeast extract, 0.1 per cent sodium thioglycolate, 1.0 per cent glucose or inositol, and 10 per cent 0.1 M Sorensen's phosphate buffer, pH 6.8. The cells were grown for three to four days at 30 C in 2-liter Erlenmeyer flasks containing 1,500 ml of media. Cellular suspensions were prepared by centrifuging, washing once with tap water, and suspending the organisms in 0.009 M the other side arm. When the smaller conventional Warburg flasks were used, one-tenth the above amounts of cells, substrate, and acid were used. Volatile acids were determined by steam distillation and were identified by partition chromatography (Ramsey and Patterson, 1948) . The determination of the mole fractions of acetic and propionic acids was accomplished by means of their partition constants between diethyl ether and water according to the procedure outlined by Osburn, Wood, and Werkman (1936) . All determinations for volatile acids were corrected by subtracting endogenous values.
Nonvolatile acids were identified using the paper chromatographic procedure described by Brown (1951) (1941) . Succinic acid was measured manometrically using a succinic dehydrogenase prepared from pork heart according to the procedure of Cohen as modified by Stokes (1949) . Residual glucose was determined by the method of Hassid (1937) and residual inositol by microbiological assay (Pennington, unpublished).
RESULTS
With inositol as the carbon source it was not possible initially to obtain a fermentation balance. Qualitative tests showed one or more nonvolatile acids to be present in the products of inositol fermentation which were absent in the products of glucose fermentation. By use of paper chromatography this acid proved not to be any of the common mono-or dibasic fixed acids that one might expect in a fermentation of this kind. Furthermore, the acid was not decomposed by Micrococcus lactilyticus which is known to ferment all of the Krebs cycle acids in addition to lactate and tartrate. It had been observed, however, that if cultures of P. pentosaceum were allowed to grow for eight to ten days on the medium described containing either inositol or inosose as the carbon source, the culture liquid changed from the original light brown color to a very dark, almost black, color. This brought to mind the products produced by the nitric acid oxidation of inositol. The series of reactions for the nitric acid oxidation of inositol has been worked out by Hoglan and Bartow (1940) and Gelormini and Artz (1930) and is listed in figure 1 . From the chemical configuration it can be deduced that several of the compounds such as tetrahydroxyquinone and rhodizonic acid are pigments. In order to demonstrate whether or not the unknown acid from inositol fermentation was one of the compounds of this series, tetrahydroxyquinone was synthesized according to the method of Hoglan and Bartow (1940) .
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This highly pigmented compound which acts as a dibasic acid was found to be chromatographically identical to the major unknown component of the inositol fermentation. This was demonstrated by testing the unknown alone, the tetrahydroxyquinone alone, and the two together. In all cases a single principal spot with the same Rf value was observed on the paper. This was taken as evidence that tetrahydroxyquinone was the principal unknown constituent from the Kuyver et al. (1939) who discovered that Pseudomonas beijerincklii was able to oxidize inositol to tetrahydroxyquinone. They concluded that the organism performed the first three oxidation steps as noted on figure 1 to hexahydroxybenzene enzymatically, but that the tetrahydroxyquinone arose from autoxidation. This conclusion was based on the fact that the product formed in the oxidation of inositol by P. beijerinckii was a colorless compound and from this colorless product the pigment was found to originate by autoxidation. These authors also concluded that the precursor of tetrahydroxyquinone was hexahydroxybenzene since the monoketone and diketone of inositol are not autoxidizable. In addition, the investigations of Lerch (1862) and of Nietzki and Benckiser (1885) established that hexahydroxybenzene in an aqueous solution undergoes rapid autoxidation. The various products formed include both tetrahydroxyquinone and rhodizonic acid. The initial attack upon inositol by P. pentosaceum is believed to follow the oxidation scheme discussed in the preceding paragraph. It was observed that in resting cell fermentations of inositol carried out in the absence of oxygen no pigmented substance was formed. However, when this suspension was subsequently exposed to air, a definite purple pigment developed. Since hexahydroxybenzene is not a pigmented compound, but on exposure to air in an aqueous solution will give rise to tetrahydroxyquinone, it is believed that this is additional confirmation for the fact that the tetrahydroxyquinone arises from the autoxidation of the hexahydroxybenzene formed by P. pentosaceum in the fermentation of inositol. Hexahydroxybenzene was not demonstrated in resting cell experiments except by the development of a purple color upon exposure of the vessel contents to air. Table 1 lists the fermentation products from inositol and glucose, and it can be seen that by inserting an amount of hexahydroxybenzene to the quantitatively known products from inositol so as to give an O/R index of 1.0, the carbon recovery and available hydrogen agree closely with the theoretically expected values. This is taken as additional evidence that hexahydroxybenzene is formed in the degradation of inositol by P. pentosaceum. The results of end product determinations for the fermentation of inositol by P. pentosaceum suggest that the breakdown of inositol by this organism involves an initial dismutation whereby one molecule is dehydrogenated to yield hexahydroxybenzene while three molecules are reduced. This latter compound then is converted to propionic and acetic acids and carbon dioxide. The hexahydroxybenzene is subsequently autoxidized to tetrahydroxyquinone and rhodizonic acid and in all likelihood to the compounds shown in figure 1 to be formed subsequent to rhodizonic acid.
Simultaneous adaptation studies also lend some support to the conclusion that inositol is dehydrogenated to a mono-and diketone. Cell suspensions of P. pentosaceum ferment inositol only when grown on a medium containing inositol as a carbon source. Cells grown on inositol are able to ferment inosose, the monoketone of inositol, without lag, and conversely cells grown on inosose are capable of fermenting inositol without lag. The diketone of inositol was not available, but it was demonstrated by Magasanik (1951) that an inositol grown strain of Aerobacter aerogenes was also simultaneously adapted to the diketone.
SUMMARY
Products resulting from the fermentation of inositol and glucose by Propionibacterium pentosaceum, strain E.2.1.4., have been determined. The products obtained from the two substrates were qualitatively and quantitatively different.
A dismutation reaction was postulated for the fermentation of inositol in which one molecule of inositol is oxidized to hexahydroxybenzene while three molecules are reduced.
The data have been interpreted as indicating that glucose or the usual phosphorylated compounds of glucose are not intermediates in the fermentation of inositol.
